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 RESUMO 
 
Levantamentos epidemiológicos têm mostrado que a cárie precoce da infância 
(CPI) é altamente prevalente no Brasil e no mundo, apresentando-se como um problema de 
saúde pública, o que enfatiza a importância de se pesquisar os fatores relacionados à etiologia 
e à identificação de crianças que possam desenvolver a CPI. Esta tese é composta por um 
capítulo, cujo objetivo foi avaliar a composição microbiológica do biofilme dentário formado 
sobre lesões de manchas brancas ativas ou sobre lesões de cárie cavitadas, bem como avaliar a 
presença de biofilme visível na região anterossuperior dos dentes e as variáveis sociais que 
poderiam exercer influência nos diferentes estágios da doença.  Assim, neste estudo 
longitudinal de um ano, foram avaliados 51 pré-escolares de ambos os sexos, que frequentaram 
creches e pré-escolas municipais na cidade de Piracicaba-SP (Brasil). As crianças foram 
divididas nos seguintes grupos, de acordo com os diferentes estágios da CPI, avaliados de 
acordo com o critério de diagnóstico proposto por Séllos e Soviero (2011): grupo livre de cárie 
(LC) (grupo controle) (n=17), grupo lesão de mancha branca ativa (LMB) (n=7) e grupo lesão 
de cárie cavitada (LCC) (n=27). No biofilme dentário, foram dosadas as quantidades de 
Actinomyces naeslundii, Bifidobacterium spp., Streptococcus mutans, Veillonella spp. e grupo 
dos comensais (pela dosagem do grupo Streptococcus mitis e Streptococcus gordonii) por 
qPCR (quantificação em tempo real pela reação em cadeia da polimerase). Todas as crianças 
foram submetidas ao exame clínico para avaliação da presença de biofilme visível nos incisivos 
superiores e para a realização do diagnóstico de cárie. Os responsáveis preencheram um 
questionário para a obtenção dos dados relacionados às variáveis comportamentais (renda 
familiar e grau de instrução materno). Os dados foram analisados pelos testes do qui-quadrado 
/exato de Fisher, seguidos de regressão logística múltipla (α=0,05), com dados expressos por 
razão de chances (odds-ratio-OR). A prevalência de cárie precoce na infância encontrada no 
baseline (tempo zero) foi de 48,7%, com dados de ceos de 4,05 (± 7,33) e ceod de 2,68 (± 4,06). 
Os fatores relacionados às variáveis comportamentais não apresentaram diferença estatística 
significativa entre os grupos avaliados. Os resultados sugerem que altos níveis de S. mutans 
(OR = 15,3) mostraram uma associação significativa com o estágio inicial da doença. Além 
disso, altos níveis de S. mutans (OR = 45,5) (p< 0,05).  e presença de biofilme visível na região 
anterossuperior dos dentes (OR = 13,1) apresentaram associação significativa com o estágio de 
cavitação da doença (p < 0,05).Altos níveis de S. mutans sobre lesões de cárie ativa, assim como 
sobre lesões cavitadas, são fatores relevantes para o início e progressão da CPI. A presença de 
biofilme clinicamente visível é um importante parâmetro clínico para progressão da CPI.  
 Palavras-chave: cárie dentária, pré-escolar, epidemiologia, biofilme dentário, microbiologia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ABSTRACT 
 
Epidemiological surveys have shown that early childhood caries (ECC) is highly 
prevalent in Brazil and worldwide, and is considered a public health problem. These evidences 
emphasize the importance of studying the factors related to the etiology and identification of 
children who may develop the disease. This thesis consists of a chapter, that aimed to evaluate 
the microbiological composition of dental biofilm formed over active early caries lesion and 
cavitated caries lesion, as well as the presence of visible biofilm in the upper anterior teeth and 
behavioral factors that could influence the different stages of the disease. Thus, in this 
longitudinal study of one year, 51 preschoolers of both genders who attended kindergartens and 
municipal preschools in the city of Piracicaba-SP (Brazil) were evaluated. Children were 
divided into the following groups, assessed by the caries diagnostic proposed by Séllos and 
Soviero (2011): caries-free group (CF; n=17) (control group), group with the early caries lesion 
(ECL; n=7) and group with cavitated caries lesions (CCL; n=27). The relative quantification of 
Actinomyces naeslundii, Bifidobacterium spp., Streptococcus mutans, Veillonella spp. and 
commensal group (Streptococcus mitis group and Streptococcus gordonii) were quantified by 
qPCR (quantitative-polymerase Chain Reaction). All children underwent clinical examination 
to assess the presence of visible biofilm in the upper incisors and the diagnosis of caries. The 
parents answered a questionnaire to obtain data related to social variables (family income and 
maternal level of education). Results were analyzed by chi-square/Fisher's exact test, followed 
by stepwise backward regression (α = 0.05), with data expressed as odds ratio (OR). Forty eight 
percent of the children showed ECC and mean dmfs/ dmft were 4.05 (± 7.33) and 2.68 (± 4.06) 
respectively. No difference among groups was found regarding behavioral variables. The 
results demonstrated a significant association between the initial stage of the disease and high 
levels of S. mutans (OR = 15.3) (p <0.05). In addition, high levels of S. mutans (OR = 45.5) 
and the presence of visible dental biofilm in the anterior region of the upper incisors (OR = 
13.1) were strongly associated with the cavitation stage of the disease (p <0.05). Conclusion: 
High levels of S. mutans over ECL as well as CCL are relevant factors for initiation as well as 
progression of ECC. The presence of visible biofilm is an important clinical parameter for ECC 
progression.  
 
Key Words: dental caries, preschool children, epidemiology, biochemistry, dental biofilm. 
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1 INTRODUÇÃO 
 
A cárie precoce da infância (CPI) é definida como a presença de uma ou mais 
superfícies dentárias cariadas (cavitadas ou não), perdidas ou restauradas em pré-escolares com 
idade inferior a 06 anos (Drury et al., 1999). Inicialmente, a CPI se manifesta clinicamente 
como lesões de manchas brancas opacas, principalmente no terço cervical da superfície 
vestibular e lingual dos incisivos decíduos superiores, podendo surgir assim que os dentes 
decíduos irrompam (Ripa, 1988). Na forma severa da doença podem surgir manifestações 
clínicas como dor, abscesso e dificuldade mastigatória (Ramos-Gomez et al., 2002; Ferraz et 
al., 2014). Da mesma forma, a perda precoce de dentes decíduos pode acarretar transtornos no 
desenvolvimento adequado do sistema estomatognático, o que favorece a instalação de hábitos 
parafuncionais e maloclusão, podendo gerar a perda do guia de erupção dos dentes permanentes 
(Drummond et al., 2013). Estudos clínicos demonstram que crianças com CPI apresentam 
piores condições na qualidade de vida (Filstrup et al., 2003, Feitosa et al., 2005; Abanto et al., 
2011) e maior prejuízo no desempenho e frequência escolares em crianças de idade maior 
(Paula e Mialhe, 2013).  
Levantamentos epidemiológicos têm mostrado que, no Brasil, CPI apresenta-se 
como um problema de saúde pública. Dados recentes do relatório relativo ao Projeto Técnico 
SB São Paulo 2015 (Pesquisa Estadual de Saúde Bucal, 2015) mostraram que, tanto aos cinco 
quanto aos doze anos de idade, a média de dentes com experiência de cárie foi de 1,90 no estado 
de São Paulo. Em Piracicaba, as médias foram de 1,63 e 1,28 aos cinco e doze anos de idade, 
respectivamente, sendo que o componente cariado correspondeu a 77,9% do índice aos cinco 
anos. Esses dados enfatizam a importância de se pesquisar os fatores relacionados à etiologia 
da doença cárie e à identificação de crianças que possam desenvolver a CPI, não apenas devido 
à alta prevalência da doença, mas também, porque a literatura evidencia que crianças com CPI 
têm maior risco de desenvolvimento de cárie no futuro, sendo a experiência passada dessa 
doença considerada como um dos preditores de risco mais significativos (Skeie et al., 2006; 
Parisotto et al., 2012, André-Kramer et al., 2013).  
Os fatores primários relacionados à etiologia da cárie são a presença de bactérias 
cariogênicas, carboidratos fermentáveis e hospedeiro e/ou superfície dentária susceptíveis, que 
interagem em determinado período de tempo (Harris et al., 2004; Kidd, 2011; Chafee et al., 
2015). Em crianças jovens, um elevado número de bactérias cariogênicas como Streptococcus 
mutans  e Lactobacillus spp., a presença de biofilme dental visível na região anterossuperior 
dos dentes decíduos, práticas inadequadas de alimentação, nível socioeconômico da família e 
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escolaridade da mãe têm sido identificados como os principais indicadores de risco ao 
desenvolvimento de cárie (Selwitz et al., 2007; Oliveira et al., 2008; Takahashi e Nyvad, 2008; 
Parisotto et al., 2010). 
O biofilme dental é descrito como um grupo de microrganismos embebidos em uma 
matriz de polissacarídeos extracelulares, que suporta um microssistema com bactérias que 
exibem uma variedade de características fisiológicas. Essas características dizem respeito a 
alguns fatores de virulência, como a capacidade de aderência, a natureza acidogênica e a 
resistência em baixos níveis de pH, sendo capazes de colonizar a superfície dentária e produzir 
ácidos, resultantes da fermentação de substratos (Berkowitz, 1996; Gudiño et al., 2007; Ren et 
al., 2016). 
A perda mineral do esmalte é explicada pelo desequilíbrio contínuo dos processos 
de desmineralização e remineralização das estruturas dentárias. A desmineralização ocorre na 
superfície mineralizada do esmalte e dentina, decorrente da ação dos ácidos orgânicos 
produzidos pelas bactérias presentes no biofilme, que se difundem na estrutura do dente, 
causando a dissolução dos tecidos, sendo vista clinicamente como lesões de manchas brancas 
e, posteriormente, como cavitação (Featherstone, 2008). 
Conceitos mais recentes sobre a etiologia da doença têm enfatizado a definição da 
mesma como uma doença biofilme-açúcar dependente (Sheihan e James, 2015; Barnabé et al., 
2016). Dentre esses fatores, a frequência e a quantidade de sacarose ingerida têm sido 
destacadas como responsáveis pelas alterações orgânicas, inorgânicas e microbiológicas que 
ocorrem no biofilme dentário (Marsh, 1994; Nobre dos Santos et al., 2002; Parisotto et al., 
2010; Parisotto et al., 2015). Ainda, a Organização Mundial de Saúde (OMS) afirma que existe 
uma associação positiva entre o nível de açúcar livre ingerido e acometimento de cárie e, desde 
2015, tem recomendado que a ingestão de açúcares na forma livre seja menor que 10% da 
ingestão total de energia diária (Organização Mundial de Saúde, 2015). 
Todos os açúcares, independentemente de serem mono, di, ou polissacarídeos 
servem de substrato para os microrganismos do biofilme, embora somente a sacarose sirva de 
substrato específico para a produção de polissacarídeos extracelulares insolúveis (PECIs) 
(Bezerra e Toledo, 2003). Esses PECIs aumentam a viscosidade do biofilme e facilitam a 
aderência microbiana em grande quantidade, o que favorece a ocorrência do processo carioso.  
A este respeito, evidências recentes demonstraram que pré-escolares que apresentavam uma 
concentração de polissacarídeos no biofilme maior que 2,36 μg/mg tinham um risco 6,8 vezes 
maior de desenvolver cárie que aqueles que apresentaram concentrações mais baixas (Parisotto 
et al., 2015). 
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No entendimento dos fatores que afetam o processo da doença, a saliva tem papel 
fundamental como agente protetor, por meio de inúmeras funções desempenhadas na cavidade 
bucal e estas, se relacionam com as características do fluido do biofilme e de seus componentes 
específicos, destacando-se: o efeito de lavagem, formação do bolo alimentar, facilitação da 
mastigação, ação lubrificante, fonação, deglutição, participação na formação da película 
adquirida, atividade antimicrobiana e proteção dos tecidos mineralizados dos dentes pela 
neutralização de ácidos, por meio de sua capacidade tampão e por suas propriedades 
remineralizadoras (Edgar e Higham, 1995; Kirstilä et al., 1998). Entretanto, nem sempre a 
saliva é capaz de controlar a acidez do meio, e assim, ressalta-se a necessidade do entendimento 
das mudanças que ocorrem na composição microbiológica do biofilme como fator determinante 
no processo de cárie (van Ruyven et al., 2000) 
Marsh (1991) sugeriu que a alteração do perfil microbiológico da microflora 
residente no biofilme quando comparado a certos microrganismos patógenos ocorre devido à 
alteração da homeostase bacteriana, definindo então a teoria da placa ecológica, segundo a qual 
tal alteração causaria mudanças na composição da microflora. Além disso, foi sugerido que o 
biofilme dental acumula-se preferencialmente em sítios retentivos, desde que não seja removido 
por higiene oral adequada. Como a massa de biofiome aumenta, a saliva se torna menos capaz 
de penetrá-la, e proteger assim, as estruturas dentais (Marsh et al., 1994).  
O entendimento das mudanças que ocorrem no biofilme que estão intimamente 
relacionadas com o desenvolvimento da cárie e a identificação das crianças que estejam sob 
risco de desenvolver a doença são importantes ferramentas para a prevenção da cárie dental. 
Em relação à composição da microbiota do biofilme dental, crianças com CPI apresentam altas 
contagens de Streptococcus mutans e Lactobacillus (Nobre dos Santos et al., 2002; Parisotto et 
al., 2010). Além disso, essas crianças frequentemente apresentam hábitos de dieta inadequados, 
como ingestão excessiva de carboidratos e líquidos açucarados, o que fornece maior quantidade 
de sacarose como substrato para a produção de polissacarídeos extracelulares, que favorecem a 
adesão e acúmulo de microrganismos (Mattos-Graner et al., 1998; Mattos-Graner et al., 2000; 
Parisotto et al., 2015).  
Estudos prévios sobre a CPI têm demonstrado que a quantidade das espécies de 
Streptococcus mutans, Lactobacillus spp., Veillonella spp., Bifidobacterium spp. e Actinomyces 
spp. é significativamente maior em crianças com cárie (Wolff et al., 2013; Tao et al., 2013; Ma 
et al., 2015). Inúmeros estudos mostram que os Streptococcus mutans estão intimamente 
relacionados tanto com desenvolvimento, quanto com a progressão da CPI, por serem agentes 
patógenos primários (Mattos-Graner et al., 2000; Sanchez-Perez e Acosta-Gio, 2001, Nobre-
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dos-Santos et al., 2002; Berkowitz, 2003), possuírem a capacidade de sintetizar glucano 
insolúvel em água para aderência bacteriana às estruturas dentais, além de serem altamente 
acidogênicos e acidúricos, favorecendo assim o crescimento de espécies que sejam favorecidas 
pela acidez do meio, como os Lactobacillus spp. (Takahashi e Nyvad, 2008). Ainda, os S. 
mutans foram identificados em crianças livres de cárie enquanto algumas crianças com padrão 
severo da CPI não tiveram níveis detectáveis de dessa espécie, o que leva ao entendimento de 
que é necessária a utilização de novos métodos de identificação de possíveis agentes patógenos 
ainda desconhecidos, envolvidos com a CPI (Xu et al., 2014). 
Em relação aos Lactobacillus, esses microorganismos possuem pouca afinidade 
pela superfície dental, colonizam principalmente a mucosa bucal e não se acumulam em grandes 
quantidades no biofilme dental, tendo um papel de maior importância na progressão do que no 
início do acometimento da doença (Loesche, 1986; van Houte, 1980).  Outros estudos mostram 
que além dos S. mutans e Lactobacillus, Actinomyces spp. também estão associados com a 
cárie, enquanto que Streptococcus mitis, Streptococcus oralis e Streptococcus sanguinis 
predominam na microbiota indígena de sujeitos livres de cárie (Corby et al., 2005). 
 Com o advento de técnicas moleculares avançadas, tem sido possível a 
investigação da diversidade bacteriana e da estrutura da comunidade em diferentes habitats e a 
análise do perfil microbiológico utilizando o método de Reação em Cadeia da Polimerase 
(qPCR) com primers específicos, que mostrou-se um método sensível e preciso. Essa técnica 
fornece a quantificação das bactérias nas amostras, permitindo que essa informação seja 
relacionada à observação clínica do indivíduo, sendo que antes as técnicas formeciam 
informações apenas em relação à presença ou ausência das mesmas (Hata et al., 2006) .  
Assim, a compreensão das características comuns entre crianças com CPI e o 
entendimento das mudanças que ocorrem no perfil microbiológico do biofilme dental formado 
sobre a superfície cariada nos diferentes estágios da doença podem fornecer elementos 
importantes para o desenvolvimento de novas ferramentas para a identificação e controle dos 
fatores de risco, de modo a serem propostas estratégias que permitam a prevenção da doença 
ou que controlem o desenvolvimento da mesma. O objetivo desta tese foi investigar a 
composição microbiológica do biofilme dental formado sobre a superfície cariada nos 
diferentes estágios da doença, assim como parâmetros clínicos e sociais de pré-escolares com 
CPI, sendo este um estudo longitudinal de um ano.   
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Abstract 
 
Aim: This longitudinal study aimed at investigating the microbiological composition of the 
dental biofilm formed over dental surfaces in different stages of early childhood caries (ECC) 
(early caries lesion (ECL) or cavitated caries lesion(CCL)) and determine the association among 
clinical, microbiological and social variables, as well to predict the risk for ECC.   
Design: This was an observational longitudinal study of 1 year in which 51 children aged 36-
60 months were selected from five preschools in Piracicaba-SP (Brazil). Visible biofilm was 
recorded and caries assessment was done according to Séllos and Soviero criteria. Biofilm 
samples were collected and the microbiological composition was determined by assessment of 
quantities of Actinomyces naeslundii, Bifidobacterium spp., Streptococcus mutans, Veillonella 
spp. and commensal group (Streptococcus mitis group and Streptococcus gordonii).  A short 
questionnaire was used to obtain information regarding the mother´s education level and 
socioeconomic status. 
Results: The mean number of decayed, missing and filled surfaces (dmfs) and decayed, missing 
and filled teeth (dmft) at baseline were 4.05 ± 7.33 and 2.68 ± 4.06 respectively, and at follow-
up after 1 year were 5.45 ± 10.82 and 2.96 ± 4.13 respectively. High levels of S. mutans over 
ECL showed significant association with the early stage of caries (OR=15.3) (p<0.05) as well 
as with cavitated caries lesion (OR=45.5) (p<0.05). Furthermore, presence of visible biofilm 
(OR= 13.1) was significantly associated with CCL (p<0.05). The social variables “mother´s 
education level” and “family income per month” did not achieve statistical significance in this 
study.   
Conclusions: High levels of S. mutans over ECL as well as CCL are relevant factors for 
initiation and progression of ECC. The presence of visible biofilm is an important clinical 
parameter for ECC progression.  
 
Introduction  
 Early childhood caries is defined as a multifactorial, biofilm–sucrose dependent 
disease (Garcia et al., 2015; Sheiham and James, 2015), affecting deciduous teeth of children 
under 71 months of age (Drury, 1999).  If the disease progresses, it can lead to destruction of 
the primary dentition, affecting negatively children’s physical and mental health (Cunnion et 
al., 2010). Furthermore, several studies have shown that children who have ECC have an 
increasing risk of developing new caries lesions in the permanent dentition (Parisotto et al., 
2012; Isaksson et al., 2013; Ng and Chase, 2013). Previous investigations showed that ECC 
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causes significant economic and social burden on children, their families, and the society, 
expending hundreds of million dollars annually in surgical care in United States of America 
(Samnaliev et al., 2015; Bruen et al., 2016). Thus, strategies to improve prevention of early 
childhood caries, including community-and family-based education, and to increase access to 
timely and early dental care for low-income children could reduce the burdens and costs of this 
health problem (Bruen et al., 2016). 
 Factors related to ECC aetiology include social, behavioral and psychological 
factors, like social environment, educational level of caregivers, health behavior and oral 
hygiene (Seow, 2012; Fontana, 2015). Furthermore, previous studies have emphasized the 
relevance of diet and biofilm as factors that play an important role in caries development 
(Sheiham and James, 2015; Parisotto et al., 2015; Bernabé et al., 2016). Previous reports of our 
research group have showed that the early stage of caries is highly affected by the total sugar 
exposure, mutans streptococci count and visible dental biofilm on maxillary incisors, whereas 
cavities are strongly related to presence of lactobacilli, total microorganism count and a solid 
sugar exposure higher than 3 times a day (Parisotto et al., 2010). Furthermore, we demonstrated 
that visible dental biofilm, extracellular insoluble polysaccharides, solid sugar/sucrose and 
cariogenic microorganisms could predict caries development in preschool children (Parisotto 
et al., 2015), however, these studies did not demonstrate the microbiological composition of the 
biofilm, considering other potentially pathogenic microorganisms for the initiation and 
progression of ECC. The identification of the risk factors for ECC makes it easier to select the 
most important groups of individuals to target preventive dentistry strategies. 
 Caries is primarily dependent on the development of cariogenic biofilms as a result 
of complex interactions between oral bacteria and their acid producing ability and acid 
tolerance, occurring on tooth surfaces, salivary constituents and dietary carbohydrates (Paes 
Leme et al., 2006; Takahashi and Nyvad, 2008). The oral microbiome is comprised of hundreds 
of microorganisms and the imbalance of the resident biofilm microflora rather than other 
pathogen driven by changes in local environmental conditions may explain the occurrence of 
caries (Marsh et al., 1994). 
 Oral species detected in children with early childhood caries include Streptococcus 
mutans, Lactobacillus spp., Actinomyces spp., Bifidobacterium spp. and Veillonella spp., 
Streptococcus mitis, Streptococcus oralis and Streptococcus sanguinis are predominant in the 
indigenous microbiota of caries free subjects, demonstrating that there is a distinctive 
microbiota of healthy children that is different from that associated with oral disease. It has 
been demonstrated that S. mitis group and S. gordonii are able to generate ammonia, 
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neutralizing acid in cariogenic and favoring pH increase, which can contribute to the 
inactivation of caries lesion (Kuribayashi et al, 2012).  Thus, identifying all species associated 
with health and disease, especially with early stage of infection, would provide alternative 
targets for clinical intervention (Aas et al., 2008; Tanner et al., 2010; Wolff et al., 2013).   
Regarding caries lesion initiation and progression, the work of Tanner et al. (2011) 
demonstrated that the bacterial level of dental biofilm varies depending on the stage of the 
disease. In this regard, Actinomyces spp. and non-S. mutans streptococci may be involved in 
the initiation of the disease, while Veillonella spp. dominated the bacterial population in all 
stages, from intact enamel to deep-dentin cavities (Aas et al., 2008; Tanner et al., 2011). 
Moreover, the microflora of deep-dentin lesions was dominated by S. mutans, Lactobacillus 
spp. and Propionibacterium spp. (Aas et al., 2008). However, these studies quantified oral 
microorganisms in biofilm obtained from dental sample by pooling material collected from at 
least three different teeth. Moreover, it is known that the microbiological biofilm composition 
changes according to its location in the oral cavity (Shi et al., 2016). In addition, at least to our 
knowledge, information regarding if children having cavitated caries lesions also possess active 
early caries lesions is not available. In this way, it is relevant to assess dental biofilm samples 
formed over the caries lesion, considering the different stages of ECC. 
Thus, the aim of this follow up study was to investigate the microbiological 
composition of the biofilm formed over dental surfaces in different stages of ECC (early caries 
lesion or cavitated caries lesion). Moreover, the association among clinical, microbiological 
and social variables, as well the power of these variables to predict the risk for ECC were also 
investigated.  
 
 Material and methods 
  
Ethical considerations   
This study was evaluated and approved by the Ethics Committee in Research of 
Piracicaba Dental School – University of Campinas (Protocol #033/2014). Parents or caregivers 
who agreed with the inclusion of the children in this study signed a free and informed consent 
term. The preschoolers were also consulted about the participation in this study and if they 
refused to open their mouth during clinical procedures, they were not included in the current 
study. 
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Study population          
A sample of 51 preschool children, of both genders and aged 36 to 60 months 
participated of this study. These children were from low economic backgrounds and regularly 
attended five urban nursery schools randomly selected from a total of 80 units in the city of 
Piracicaba, São Paulo state, Brazil.  The city has a population around 365 thousand inhabitants 
with fluoridated public water supply (0.7 ppm F) since 1980. Children were not included from 
the study if they refused to participate in any phase or if they had salivary gland disorders or 
systemic diseases, severe fluorosis, dental hypoplasia, history of significant medical disease or 
antimicrobial use reported by their parents within the last 3 months prior to the study. During 
the period that children stayed in the preschool, they had the same diet, stayed a minimum of 5 
h/day and had their teeth brushed at least once a day with fluoride containing dentifrice. 
 
Children selected for this study were submitted to the following steps:  
Baseline: Step 1: intraoral examination for caries diagnosis, dental biofilm assessment in the 
maxillary incisors and biofilm collection for the microbiological analysis.  
   Step 2: data collection from socio-economic status, family income and mother´s 
education level. 
Follow-up (after 1 year): intraoral examination for caries diagnosis, dental biofilm assessment 
in the maxillary incisors.  
 
 After the caries diagnosis (baseline), children were divided into three groups: (1) 
Caries-free children (CF) (n=17); (2) Children having early caries lesion (ECL) (n=07); (3) 
Children having cavitated caries lesion (CCL) (n=27) (Figure 1). 
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Figure 1. Flow chart of participation, distribution and study design.  
 
  
All children who participated in this study received a kit containing a toothbrush, 
fluoride toothpaste (1100 ppm F) and oral hygiene instruction. Children who presented any 
dental treatment needs were referred to the Pediatric Dentistry department at the Piracicaba 
Dental School, University of Campinas, to receive comprehensive oral care.  
 Data about family income and mother’s education level were obtained from a 
standardized questionnaire with closed questions, to assess social variables (Parisotto et al., 
2010). For income data, the question was ‘‘How much is the family income per month? (in 
terms of minimum wage’’ and for mother’s education level the question addressed was ‘‘what 
is your level of scholarly education?’’. 
 
 
Caries diagnosis and 
groups allocation  
(n=51) 
Biofilm collection and 
microbiological 
analysis 
Assessment of social 
variables 
 
Children invited to participate in the study (n= 100) 
Caries-free children 
(CF)   
(n=17) 
Cavitated caries 
lesion children 
(CCL) (n=27) 
Excluded 
 Children with syndromes and chronic systemic diseases or 
using long-term antibiotics (n=8) 
 Parents or caregivers refuse to sign the informed consent 
(n=10) 
 Non-cooperating children (n=8) 
 samples with poor quality of DNA(n=23) 
 
 
 
 
Early caries lesion 
children (ECL) 
(n=7) 
After 1 year:  
- Presence of biofilm examination 
- Caries diagnosis 
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Calibration of the examiner and caries diagnostic criteria   
 Clinical examinations were performed at preschool by a single examiner, 
previously calibrated (Kappa value=0.80 (at baseline and follow-up)) using mouth mirrors 
under artificial light and the explorer was eventually used to clean any surface to detect dental 
sealants (Kopycka-Kedzierawski and Billings, 2004). For calibration, sessions of theoretical 
discussions and clinical training were conducted. 
 For this study, the caries diagnostic criteria according to Nyvad´s criteria adapted 
to primary teeth by Séllos and Soviero (2011) was used. This criterion allows the recognizing 
of the earliest stage of the disease and the codification of the signs suggestive of the activity of 
caries lesion, taking into consideration the dynamic nature of the disease (Bussaneli et al., 
2015). A portable dental unit with a triple syringe, including a portable compressor (Odontocase 
Basic Line, Rio de Janeiro, Brazil) was used to allow the teeth surfaces drying. For the 
determination of the caries index, the decayed, missing and filled surfaces in deciduous surfaces 
or teeth (dmft / dmfs) were counted in each child after tooth brushing for the mechanical 
removal of biofilm.  
 
Presence of visible biofilm  
 The presence or absence of clinically visible biofilm on the buccal surface of 
maxillary incisors was recorded under artificial light without disclosing solution (Alaluusua 
and Malmivirta et al., 1994) and with the child lying on a table. Results were recorded in the 
clinical record as 0 for no visible biofilm and 1 for the presence of visible biofilm. 
 
Bacterial strains and biofilm collection  
From each child, one biofilm sample formed over early lesions cavitated carious 
lesions or caries-free surfaces, not as a pool but from a single tooth, were collected using 
sterilized periodontal probes (S.S. White Duflex). Samples were not pooled across other lesions 
or patients. Biofilm samples were immediately transferred to sterile RNAse-free microtubes 
(Axygen, Union City, Calif., USA) containing 220 µL of TE (10 mM Tris-HCl, 1mM EDTA 
pH 7.6) and immediately transported to the laboratory, where they were frozen at -80°C until 
the microbiological analysis.  
Quantitative PCR was performed to detect the presence/absence and to permit the 
quantification of targeted bacterial DNA in biofilm samples. The choice of the bacterial species 
to be investigated in this study was based on previous studies showing that Streptococcus 
mutans, Actinomyces naeslundii, Veillonella dispar and Bifidobacterium spp. are associated 
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with early childhood caries while Streptococcus mitis group and Streptococcus gordonii are 
associated with caries-free individuals. (Tanner et al., 2016; Ma et al., 2015; Aas et al., 2008; 
Corby et al., 2005). Specific forward and reverse primers are listed in Table 1.  
 
DNA extraction, purification and quantification  
All biofilm samples were transferred to a 2-mL screw cap micro tube. The 
mechanical disruption of bacterial cells was made by the addition of 0.16 g of 0.1 mm diameter 
zirconium beads to each biofilm sample, using a Mini-Beadbeater (Biospec Products Inc., 
Bartlesville, Okla., USA) at maximum power (1 cycle of 60 s).  The DNA purification was 
performed by phenol-chloroform and alcohol precipitation method (Wilson, 2001). The RNA 
was removed by adding RNase (40min / 40° C), and the DNA precipitated in the presence of 
isopropanol, salts and low temperature (-20° C). The nucleic acid was resuspended in TE 
solution and the samples were stored at -20° C. DNA concentration and purity (A260nm/A280nm 
and A260nm/A230nm) were measured with Nanodrop 2000c (Thermo Scientific, Wilmington, Del., 
USA). DNA integrity was verified by agarose gels. 
 
Quantitative Real-Time PCR (qPCR) for quantification of target bacterial DNA 
 The primers specificity in human samples was tested in previous studies (Nadkarni 
et al., 2002; Rinttilä et al., 2004; Furet et al., 2004; Yano et al., 2002; Wolff et al., 2013). 
Dilutions starting from 300 to 0.0003 ng (10-fold) of purified DNA were used as standards and 
positive controls for relative quantification of the targeted bacteria. A standard amplification 
curve and a melting-point product curve were obtained for each primer set. The qPCR assays 
were carried out in duplicate in a StepOne TM Real Time PCR System (Applied Biosystems, 
Foster City, CA, USA) using a MicroAmpFast Optical 48-Well Reaction Plate (Applied) 
covered with Optical Adhesive Film (Applied Biosystems). Assays were carried out in 
duplicate and the mean of the two reactions were used to the analyzes. The reaction mixture (10 
μL) included 5 μL of 2x Power SYBR-Green PCR Mix master (Applied Biosystems, USA), 0.3 
μL of each primer (forward and reverse 10μM), 1μL of DNA sample and (10 ng/μL) and 3.4 
μL of nuclease free-water. Negative control included reactions without template. The standard 
curves were used to transform the cycle threshold values to the amplified DNA mass. The cycle 
threshold (Ct) values were transformed to the mass of DNA using the standard curves The 
results of the concentrations of bacteria in biofilm samples were normalized relative to the total 
bacterial load estimated by the primer Bacteria 16S rDNA (Nadkarni et al., 2002). 
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Table 1. Primers for bacterial identification used in q-PCR 
 
Bacteria Primer Sequence (5´ 3´) Annealing 
temperature 
(°C) 
Amplicon size 
(bp) 
References  
16S  rDNA F:TCCTACGGGAGGCAGCAGT 
R:GGACTACCAGGGTATCTAATCCTGTT 
57 466 Nadkarni et 
al., 2002 
Actinomyces 
naeslundii 
F:CTGCTGCTGGACATCGCCGCTCGTA 
R:TCCGCTCGCGCCACCTCTCGTTA 
62 144 Nadkarni et 
al., 2002 
Bifidobacterium spp.1 F:TCGCGTC(C/T)GGTGTAAAG 
R:CCACATCCAGC(A/G)TCCAC 
58 243 Rinttilä et al., 
2004 
Mitis group2 F:TAGAACGCTGAAGGAAGGAGC 
R:GCAACATCTACTGTTATGCGG 
60 133 Wolff et al., 
2013 
Streptococcus gordonii F:CAGGAAGGGATGTTGGTGTT 
R:GACTCTCTTGGCGACGAATC 
62 136 Wolff et al., 
2013 
Veillonella spp.3 F:AACGCGTAATCAACCTGCC 
R:CTTTCATCTATCGATGCC 
62 115 Wolff et al., 
2013 
Streptococcus mutans F:AGCCATGCGCAATCAACAGGTT 
R:CGCAACGCGAACATCTTGATCAG 
64 415 Yano et al., 
2002 
1. Bifidobacterium longum, B. minimum, B. angulatum, B. catenulatum, B. pseudocatenulatum, 
B. dentium, B. ruminantium, B. thermophilum, B. subtile, B. bifidum, B. boum, B. lactis, B. 
animalis, B. choerinum, B. gallicum, B. pseudolongum subsp. globosum, B. pseudolongum 
subsp. pseudolongum, B. magnum, B. infantis, B. indicum, B. gallinarum, B. pullorum, B. 
saeculare, B. suis  
2. Mitis group: Streptococcus mitis, S. oralis, S. pneumoniae, S. parasanguinis, S. australis  
3. Veillonella parvula, V. dispar 
F = Forward; R = reverse 
 
 
Statistics 
Descriptive statistics (means, standard deviations) were performed considering 
caries status (caries-free, early caries lesion or cavitated lesion) as the dependent variables. The 
proportion of caries-free children and the mean dmfs⁄dmft scores were also calculated.  The 
independent variables were presence of visible biofilm and microbiological composition of the 
biofilm, as well as social variables. The Shapiro–Wilk test was used to assess data normality. 
All independent variables were dichotomized, considering the interquartile range or in presence 
/ absence, when categorical variables. These variables were initially tested (chi-square or 
Fisher's exact test) in a bivariate analysis in order to verify possible associations between 
dependent and independent variables. Multivariate regression was performed with the variables 
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that showed a p-value lower than 0.2. The multivariate modelling process was stepwise, so that 
the variables were included in the model one by one and the associations between dependent 
and independent variables were expressed as odds ratios (OR) with their respective 95% 
confidence intervals to identify the factors that could predict ECC development. The 
nonparametric Kruskal-Wallis test was performed to compare the abundance of species 
between the groups. Statistical analyses were performed using SPSS 16.0 version software 
(Statistical Package for Social Science Inc., Chicago, Ill., USA), using a significance level set 
at 5% and a confidence interval of 95%.  
 
Results            
 The final sample consisted of 51 children aged 36-60 months, the mean age of 
children in this study was 50 months and 52.9% were female. Table 2 shows the sample mean 
number of dmft and dmfs at baseline and at follow-up, as well as the one year caries increment 
 
 
Table 2. Means and standard deviations of decayed, missing and filled surfaces (dmfs) and 
teeth (dmft) according to Séllos and Soviero criterion. 
 
Caries index Baseline (n=51) Follow-up (n=51) 1-year increment (n=51) 
dmfs 4.05 ± 7.33 5.45 ± 10.82 1.44 ± 3.84 
dmft 2.68 ± 4.06 2.96 ± 4.13 0.60 ± 1.66 
 
The results of the qPCR analysis are presented in Figure 2. Children with early 
caries lesions and with cavitated caries lesions showed a significantly greater proportion of S. 
mutans than caries-free children (p <0.05). In addition, the results evidenced significantly 
increased percentage of Bifidobacterium spp. only in children having cavitated caries lesions 
(p <0.05). Moreover, there was no statistically significant difference among groups regarding 
levels of Actinomyces naeslundii, Veillonella spp., Streptococcus mitis group and Streptococcus 
gordonii.   
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Figure 2. Medians and interquartile ranges of relative percentages of bacterial species from 
dental biofilm over dental surfaces in different stages of caries (early caries lesion and cavitated 
carious lesion). Different letters indicate statistically significant differences among groups in 
the same species. Differences evaluated by Kruskal -Wallis test followed by the post-hoc 
Student- Newman-Keuls test (p <0.05). CF (caries-free); ECL (early caries lesion); CCL 
(cavitated carious lesion). 
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To investigate the association between different ECC stages, microbiological 
composition, presence of dental biofilm, mother´s education level as well as family income per 
month, a bivariate analysis was performed. From Table 3 it is evident that the factors that 
showed statistically significant association with ECL were percentages of mutans streptococci 
and Bifidobacterium spp. and presence of visible dental biofilm on the maxillary incisors (Table 
2). In addition, these variables together with the ones that showed a p-value lower than 0.2 were 
submitted to a stepwise multiple logistic regression analysis in order to find the best model 
possibility. Regarding the CF versus ECL group, the bivariate analysis revealed that 
Streptococcus mutans was the only significant factor for ECL (Table 3). After the stepwise 
multivariate analysis, it was verified that Streptococcus mutans was strongly associated with 
early carious lesions, with an OR of 15.3. This model was adjusted by Veillonella spp., S. 
gordonii and S. mitis group (Table 4). The bivariate analysis also evidenced that the significant 
factors for CCL were Streptococcus mutans, Bifidobacterium spp. and presence of dental 
biofilm (Table 3). Furthermore, high levels of S. mutans and the presence of visible biofilm on 
the buccal surfaces of upper incisors were strongly associated with the development of cavitated 
caries lesion, with an OR of 45.5 and 13.1 respectively. This model was adjusted by percentages 
of Veillonella spp., S. gordonii and S. mitis group (Table 4). 
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Table 3.  Bivariate analysis of the relationship between different stages of early childhood 
caries and related factors.  
 
Variables CF x ECL CF x CCL 
 n(%) n(%) 
Streptococcus mutansa 0.001* <0.0001* 
   < 6,3% 15(88) 1(15) 15(88) 4(15) 
    6,3% 2(12) 6(85) 2(12) 23(85) 
Actinomyces naeslundiia 0.647 0.319 
   < 18,14% 5(30) 3(43) 5(30) 12(45) 
    18,14% 12(70) 4(57) 12(70) 15(55) 
Veillonella spp.a 0.191 0.150 
   < 6,20% 8(47) 1(15) 8(47) 7(26) 
    6,20% 9(53) 6(85) 9(53) 20(74) 
Bifidobacterium spp.a 1.000 0.001* 
   < 0,4% 15(88) 6(85) 15(88) 9(33) 
    0,4% 2(12) 1(15) 2(12) 18(67) 
Mitis groupa 0.283 0.735 
   < 0,56% 4(24) 1(15) 4(24) 9(33) 
    0,56% 13(76) 6(85 13(76) 18(67) 
Streptococcus gordoniia 0.065 0.977 
   < 0,46% 7(41) 1(15) 7(41) 11(41) 
    0,46% 10(59) 6(85) 10(59) 16(59) 
Visible dental biofilm 0.085 0.001* 
   Absent 12(70) 2(28) 12(71) 5(19) 
   Present 5(30) 5(72) 5(29) 22(81) 
Mother´s education level 0.085 0.054 
   < complete first grade  5(30) 5(72) 5(29) 16(59) 
    complete first grade 12(70) 2(28) 12(71) 11(41) 
Family income per month 0.393 0.211 
   < 2 minimum wage 11(65) 3(43) 15(88) 9(33) 
    2 minimum wage 6(35) 4(57) 2(12) 18(67) 
 
*Significant results evaluated by the Chi-square or Fisher´s Exact test (α = 0,05). Fisher´s 
Exact test was applied when the frequencies were smaller than 5. CF (caries-free); ECL 
(early caries lesion); CCL (cavitated carious lesion). aRelative percentage to the total 
bacteria identified by 16S gene. 
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Table 4. Multivariate modeling of different stages of caries lesions development regarding the 
Streptococcus mutans relative concentration and presence of dental biofilm.  
 
OR: odds ratio; CI: confidence interval.1 Likelihood Ratio Test = 14.59 (4 degrees of freedom); 
Hosmer & Lemeshow: p=0.99. Model adjusted by Veillonella spp., S. gordonii, S.mitis group. 
2Likelihood Ratio Test = 32.38 (3 degrees of freedom). Hosmer & Lemeshow: p=0.24. Model 
adjusted by Bifidobacterium spp.  
 
 
Discussion 
 
Previous investigations have shown that determinants of oral health, mainly the 
individual level such as oral microflora, diet and oral hygiene have greatly influenced oral 
health of children with regard to caries presence and activity of the lesions (Neves et al., 2016; 
Parisotto et al., 2015; Gilbert et al., 2014; Parisotto et al., 2010). Thus, this study investigated 
if microbiological composition, presence of visible dental biofilm and social factors could be 
able to predict the ECC development, considering the different stages of the disease. The 
bacterial microflora present in the dental biofilm is considered to be a highly relevant factor in 
the formation and progression of dental caries. For this reason, the understanding of the role of 
the microbiome in the pathology of caries is notably important, to allow the knowledge of which 
bacteria are associated with different types and stages of the disease (Tanner et al., 2016). In 
 
Variables 
Caries development 
 No (%)                Yes (%) 
OR (95%CI) p-value 
M
o
d
el
 1
: 
 C
F
 x
 E
C
L
 S. mutans      
 
0.048 
 
   < 6,3% 
15 (94) 1(6) 1 
    6,3% 
2 (25) 6 (75) 15.3 (1.03-227.48) 
M
o
d
el
 2
: 
C
F
 x
 C
C
L
 
S. mutans     
 
0.003 
 
0.034 
   < 6,3% 15(79) 4(21) 1 
    6,3% 2(8) 23(92) 45.5(3.58-579.81) 
Biofilm   
 
   Absent 12(71) 5(29) 1 
   Present 5(19) 22(81) 13.1(1.22-139.91) 
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this regard, cross-sectional studies provide valuable information regarding factors related to 
caries development. However, longitudinal studies can add further evidence to the 
understanding of the disease process in young children. 
In this regard, results of the present study showed that the percentage of S. mutans 
was significantly higher in biofilm formed over the ECC than in biofilm from sound enamel 
surfaces. Furthermore, concerning the bacterial microflora present in the biofilm of the group 
of children with the ECL, results of the current study showed that children with higher 
percentages of S. mutans were 15 times more likely to develop the early stage of caries when 
compared with caries free children (Table 4). This finding is in accordance with several studies 
showing that S. mutans in both saliva and dental biofilm samples was found to be strongly 
associated with ECC (Gross et al., 2012; Tanner et al., 2011; Parisotto et al., 2010), however, 
all these studies were cross-sectional, not being able to explain the modification in the biofilm 
composition related to progression of the ECC. In the same way, the study of Gross et al. (2012) 
showed that mean levels of S. mutans were higher in ECL samples at baseline from subjects 
who subsequently developed caries, after one year. In addition, early studies have identified 
several bacterial species like S. mutans, Actinomyces spp. and S. sobrinus, to be strongly 
associated with ECC in both saliva and supragingival biofilm samples.  
Early caries lesion is the first clinical sign of caries lesion development, both in 
primary and permanent dentitions and several studies have identified the major species involved 
in the initiation of ECC like S. mutans, non-mutans Streptococcus spp., Lactobacillus spp., 
Scardovia spp., Prevotella spp., Bifdobacterium spp. and Veillonella spp. (Aas et al., 2008; 
Becker et al., 2002; Torlakovic et al., 2012). These studies also showed that bacterial species 
diversity is reduced in carious as compared with healthy sites, suggesting that an acidic 
environment suppresses acid-sensitive bacteria (Gross et al., 2012).   Thus, the detection of 
specific bacteria associated with ECC may facilitate specific preventive strategies and treatment 
approaches of children with the disease (Tao et al., 2013; Ma et al., 2015).  
In relation to the cariogenic potential of biofilm formed over cavitated caries 
lesions, children who had percentages of S. mutans equal or higher than 6,3% (of the total 
bacteria in the sample) were 45 times more likely to develop caries with cavitation (Table 4). 
This result is in line with an early cross- sectional investigation by our research group (Parisotto 
et al., 2010). In the current study, we found a very high prediction value for cavitated carious 
lesions. The possible explanation for this finding could be that as shown in Figure 2, the 
percentage of S. mutans in biofilm formed over cavitated carious lesions was 85 times higher 
than that found in biofilm formed over caries-free surfaces and 12.5 times higher than that found 
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in biofilm over active early caries lesions. As a second possible explanation for this finding is 
that the investigations by Kreth et al. (2006) showed that as a consequence of it’s acid 
generation and the acid tolerance properties, and its ability to form biofilms and produce 
extracellular glycans, S. mutans keeps a high cariogenic potential. In summary, by the time 
these virulence factors are phenotypically expressed by strains of S. mutans and other oral 
microorganisms and are working coordinately, the dental biofilm becomes altered into a state 
of progressive cariogenic potential (Argimón and Caufield, 2016).  
In the current study, the levels of the S. mitis group and S. gordonii were determined 
because previous studies found that these species are beneficial regarding dental caries (Corby 
et al., 2005; Wolff et al., 2013; Tao et al., 2013). S. gordonii competes with other bacteria by 
producing a bacteriocin or excreting hydrogen peroxide to trigger the lysis of competitors 
during initial colonization, delaying Streptococcus mutans colonization (Kreth et al., 2008).  S. 
sanguini, S. mitis and S. gordonii are pioneering bacteria that colonize and form dental biofilm 
over caries-free tooth surfaces (Becker et al., 2002) In our study, the percentages of S. gordonii 
and S. mitis group did not achieve statistical difference between the groups, but S. gordonii 
showed increased percentages in ECC when compared with CF and CCL groups and S. mitis 
group showed approximately the same proportion in ECC and CCL when compared with CF 
group (Figure 2). This data may be a result of competition of these microorganisms with other 
species not evaluated in this study like S. sanguinis.  Our results were not able to show a 
significant difference in the percentage level of these species among groups, probably because 
differently from other investigators who collected dental biofilm from four different sites, in 
the present study, samples were collected from a single surface and did not collected as a pool 
(Shi et al., 2016).  
Regarding the other bacterial species evaluated in this study, there was no 
significant difference in the percentage of the Actinomyces naeslundii among the groups (Figure 
2). In this respect, it is known that Actinomyces spp. are intimaly related to the earliest stage of 
ECC (Jiang et al., 2014). It is a commensal species from human oral cavity, producing lactate 
and participating in the bacterial aggregation stage in the dental biofilm formation, being 
considered as a risk marker for ECC in caries free children (Ma et al., 2015). The difficult to 
detect the real percentages of Actinomyces naeslundii in the samples of the current study may 
be the reason for the results found. The study of Kanasi et al. (2010) reports a lack of detection 
of Actinomyces spp. in the samples, probably due to the DNA extraction and bacterial lysis 
methods, PCR and primer bias. 
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Concerning Veillonella spp., this microorganism has also been related to the initial 
stage of the caries lesion and is considered as a predictor for future caries microorganism (Gross 
et al., 2012). Veillonella spp. levels may serve as a sensitive biologic indicator and early 
warning of acid production. In a recent study with caries-free children, Veillonella spp., but not 
S. mutans or other acid-producing species, predicted future caries development (Gross et al., 
2012). This microorganism uses lactate as a metabolic carbon source and takes part in the 
coaggregation of several oral bacteria like Streptococcus spp., Eubacterium saburreum and 
Actinomyces viscosus (Aas et al., 2008). In the current study, biofilm from ECL, as well as from 
CCL presented increased relative percentages of Veillonella spp. when compared with 
percentages in biofilm from caries-free children. However, results did not achieve statistical 
significant differences, which is contrary to the findings of Jiang et al. (2013) and Aas et al. 
(2008). These authors pointed that Veillonella spp. are frequently found in the first stages of 
caries and enhances the growth of S. mutans, suggesting a close symbiotic relationship between 
these species. However, it should be noted that from each subject, these authors collected 
pooled supragingival biofilm samples from intact buccal surfaces of four different sites, 
including surfaces from anterior and posterior teeth and in our study, samples were collected 
from biofilm formed over the ECL as well as from the CCL and from sound enamel surfaces. 
   
The results showed higher levels of Bifidobacterium spp. (Figure 2) in biofilm from 
children with the cavitated caries. This result is in line with some studies (Becker et al., 2002; 
Aas et al., 2008) and with the recent investigation by Kanasi et al. (2010) that concluded that 
this species is a candidate of a new caries pathogen. Furthermore, the study of Becker et al. 
(2002) showed that bifdobacteria may be the major pathogen in deep carious lesion in young 
children, suggesting that these bacteria may provide additional targets for biological 
interventions to prevent caries progression. 
 As dental caries is a multifactorial disease, social factors like mother´s education 
level and family income were evaluated in this study. However, these factors did not achieve 
statistical significance in the bivariate analysis for early carious lesions as well for cavitated 
carious lesions (Table 2). There are studies demonstrating the relationship between these social 
factors and ECC (Hallett and O´Rourke, 2006; Oliveira et al., 2008; Seow, 2012). One possible 
explanation for these different findings could be that the sample of this study was homogeneous 
and comprised of children from low-income families. These results emphasize the importance 
of performing studies comparing children of different social and cultural background, who 
attend public and private schools and live in different demographic areas.  
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The presence of visible dental biofilm on the upper incisors was also assessed in 
this study, to allow the understanding that the biofilm accumulation may be associated with 
caries development.  Results of the present study demonstrated that the presence of visible 
dental biofilm must be considered as a risk factor for development of the most advanced stage 
of the caries lesion. This result is in line with previous studies by our group (Parisotto et al., 
2010; Parisotto et al., 2015, Borghi et al., 2016). Furthermore, children who had clinically 
visible biofilm on the buccal surfaces of the upper anterior teeth were 13 times more likely to 
develop CCL as compared with children who did not have biofilm in the same region. Dental 
caries is a dynamic process and it is the result of a chemical dissolution brought about by 
metabolic activity in a microbial deposit (biofilm) covering a tooth surface at any given time. 
Thus, the understanding that caries occurs as a consequence of biofilm metabolism is of extreme 
clinical importance, since biofilm control and sugar exposure are the most important aspects of 
the preventive strategy to be prioritized (Sheiham and James, 2015; Bernabé et al., 2016). 
A limitation of the present study was that we did not assess the frequency of sugar 
exposure of children from our study, making it impossible to discuss the influence of the sugar 
exposure in the microbial composition of biofilm in the subjects of this study. Thus, further 
studies investigating the behavior of the consumption of sugar could explain the results in a 
better way. Another limitation of this study was that we did not determine the microbiological 
composition of biofilm at follow-up to provide information on how these species behave 
according to caries progression and further studies are strongly encouraged. In this sense, 
longitudinal studies are carried out at more than one-time point, allowing a better understanding 
regarding the possible risk factors of a disease, showing not just the association between the 
variables and the upshot, but more importantly the factors that can predict the disease. In 
summary, the etiology of ECC is multifactorial and complex, involving a range of individual’s 
aspects, like the environmental, behavioral, socioeconomical and biological factors (Fontana, 
2015). Thus, there is a clear need to understand the possible causes of this disease, and we have 
to understand that dental caries is not just cavitation in teeth, but it is a pathogenic process in 
which accumulation of biofilm is generally the first manifestation of the disease (Bowen, 2015).  
 
 
Conclusion  
In summary, our data showed that the very high percentages of Streptococcus 
mutans in biofilm formed over early caries lesion as well as over cavitated caries lesion can 
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predict the development of the initiation and progression of early childhood caries, explaining 
to a certain degree the ECC pattern.  
 
Why this paper is important to pediatric dentists 
- Early childhood caries is the most prevalent oral disease in preschool children; 
- The study of the microbiological composition of biofilm may provide information about 
the behavior of the biofilm community in the caries initiation and progression; 
- The presence of visible dental biofilm may be considered as the easiest clinical predictor 
to caries risk development.  
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3 CONCLUSÃO 
 
 
Altos níveis de S. mutans sobre lesões de cárie ativa, assim como sobre lesões 
cavitadas, são fatores relevantes para o início e progressão da CPI. A presença de biofilme 
clinicamente visível é um importante parâmetro clínico para progressão da CPI.  
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ANEXO 4 – Ficha clínica 
 
 
 
 
 
FICHA CLÍNICA 
 
 
Nome:____________________________________________Nº da Ficha:________ 
Creche:___________________________________________Data exame:________  
Data nasc.:_______________Idade (meses):_________Sexo: (F) (M): Cor: (B) (N) (P) 
0- Sadio 
1- Cárie ativa (superfície intacta) 
2- Cárie ativa (superfície descontínua) 
3- Cárie ativa (cavidade) 
4- Cárie inativa (superfície intacta) 
5- Cárie inativa (superfície descontínua) 
6- Cárie inativa (cavidade) 
7- Restaurada (superfície sadia) 
8- Restaurada + cárie ativa 
9- Restaurada + cárie inativa 
 
 
 
 
 
 
 
 
 
 
 
 
Biofilme visível nas superfícies vestibulares dos incisivos superiores:__________________ 
 
0: biofilme ausente ou não visível; 
1: biofilme visível 
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ANEXO 5 – Escores do critério de diagnóstico 
           Critério Nyvad modificado para dentição decídua 
A  Sadio Textura e translucidez normal de esmalte (leve mancha 
permitida em fissura sadia) 
B Cárie ativa      
(superfície intacta) 
Superfície de esmalte é esbranquiçada/amarelada com perda 
de brilho; sem perda detectável de substância 
Morfologia intacta da fissura; lesão se estendendo pelas 
paredes. 
C Cárie ativa  
(superfície descontínua) 
Mesmo critério que o escore 1. Defeito localizado 
(microcavidade) em esmalte apenas. Sem esmalte minado ou 
assoalho amolecido detectado com o explorador. 
D Cárie ativa (cavidade) Cavidade em esmalte/dentina facilmente visível a olho nu, 
superfície da cavidade sentida frágil em sondagem leve. 
Pode ou não haver envolvimento pulpar. 
E Cárie inativa          
(superfície intacta) 
Superfície de esmalte esbranquiçada, amarronzada ou preta. 
Esmalte pode estar brilhante. Sem perda clínica de 
substância. Morfologia intacta da fissura; lesões estendendo 
pelas paredes. 
F  Cárie inativa  
(superfície descontínua) 
Mesmo critério do escore 4. Defeito de superfície 
localizado (microcavidade) em esmalte apenas. Sem 
esmalte minado ou assoalho mole detectável com 
explorador.  
G Cárie inativa (cavidade) Cavidade em esmalte/dentina facilmente visível a olho nu. 
Superfície da cavidade pode estar brilhante e dura à 
sondagem com leve pressão.  
H Restaurada  
(superfície sadia) 
- 
I Restaurada + cárie ativa Lesão de cárie pode estar cavitada ou não-cavitada 
J  Restaurada + cárie inativa Lesão de cárie pode estar cavitada ou não-cavitada 
Quadro1. Escores de acordo com o critério diagnóstico de Nyvad modificado. Fonte: Séllos e 
Soviero (2011). 
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ANEXO 6 – Fotografias com escores do critério de diagnóstico 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
